UK Patent Application ™ GB „. 2 158 757 A 



(43) AppScation published 20 Nov 1985 



(21) Application No 8511840 


(SI) INTCL* * 
BZ3K 20.16 


(22) Date of Ming 10 May 1385 
(30) Priority data 


(52) Domestic classification 
B3ft 14 17X61 6 

U1S 1469 1573 1820 1967 19S9 1976 19S7 £3R 


(37) 1S55 r32> T4May13S4 (331 HU 


tS6) Documents cited 




GBA209S604 GB1222905 


(71) Applicant 
Pal Gal, 

Fadrusi utca 12. H 1114 Budapest. Hungary 


(58) Held of search 
B3R 


P2> Inventor 
PaiGal 




(74) Agent and or Address for Service 
T. Z. Gold & Company. 
9 Staple Inn. London WC1V 7QH 





(54) Hot press welding process 
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components ( 1 1, in particular made 
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SPEOTCATlON ^ j'l^pr ~ *?^srv . : . ^ ^ - - -•• *-?~spot welding or ultrasonic welding simultaneously 
sj^s? » ' "Sv o-? 5£&trfHfe& "d^if^^^&fcffi s<---^H-^^-^with.pfo-?uaion. Although r compared to the previa 
' Hot press v»eltflng~p«»e«^'^^^ vV 1 -'-' ' - V ousJy described similar solutions " these represent 

an advantage in terms of productivity, the techno- 



S The invention relates to hot-press welding of com- 
ponents in particular those made of thin material, 
either to join two comports together or to join sev- 
- : eral components to one further component. In the . 
_ course of the process, a coherent bond between 
■\ .1 0" the compoiwhts is achieved be deforrrong ade- * : 
. ; formaWe auxilary material causingTrupture of me- 
-• chanical material formed on the surfaces of the 
, ,two or more components. J. „ I , 
3; >i The process can be. ejqjedjentry^used^fbr produc- 
15 fng a metallic bond between the components of 
heat-exchangers of different types, geometry and 
material, while the bond is formed from the same 
material as the components. '*- ' -a , . \. 
Processes* are known'ih which the assembled 
20 parts, whose surfaces have been previously pre- 
pared, are dipped into a molten metal bath in or- 
der to provide a uniform metal coat on the surface, 
and at the same time, the coating metal provides a 
metallic bond between the structural parts. These 
25 metal baths consist of heavy metals of low melting 
point and of their alloys. These are expensive and 
their use is energy-consuming (i.e- Sn. Sn + Pb, Zn 
baths). 

In other processes, the components to be assem- 

30 bled are coated in advance -partly or entirely -with 
said heavy metals or their alloys; thereafter "the as- 
sembled jointless components are covered with a 
fluxing agent and by heating in a furnace or with a 
gas-flame they are heated to the melting tempera- 

35 ture of the coating metal, as a consequence the 
metal coating on the surface is melted. Due to in- 
accuracies of assembly this solution is not at all re- 
liable; in addition, the requirement of heavy metals 
is too high. Such solutions a;3 described in Hun- 

40 gartan Patents HU PS 154.673. HU PS 157,652 and 
HU PS 157,652 (Figures 11, 12 and 15). 

Processes are also known in which the parts are 
bonded by electric arc welding, shielded arc weld- 
ing, electric spot welding, ultrasonic welding, e.g. 

45 flarne-or plasma welding. These processes require 
a lot of equipment, the productivity is low and. due 
to known difficulties of welding and soldering, they 
are unsuitable for use with light metals. Such a so- 
lution is to be found in the patent GB-PS 1,245.580. 

50 In another process, these difficulties are elimi- 
nated; the components are glued together with sy- 
nethetic materials. However, the bonds produced 
are not sufficiently stable and the required surface 
preparation is very complicated. The structure of 

55 the gluing materia! :s different from that of the 
metal and in particular, it cannot conduct either 
heat or electricity. The bonds are unsuitable for 
parts that are subject, over an extended period of 
time, to an elevated temperature since the adhe- 

60 S've decomposes and the stress resulting from dif- 
ferential thermal expansion breaks the adhesive 
down. This solution is partly described in Hungar- 
ian Patent Application No. 2415 80. 

Processes sre a'so known in which structural 

65 parts a;e fixed to other components by electric 



70 logical disadvantage cannot be eliminated. Such a 
solution is specified in the Hungarian Patent HU-PS 
175319. - v 

Heat-exchangers are known in which a mechani- 
cal connection is formed between structural ele- . 
75 ments carrying the cooling medium and the heat ~ 
radiating ribs. As there is no coherent contact, a 
heat-barrier is formed between the contacting sur- 
faces, accordingly, their heat transmission does not 
■ comply with requirements. As a consequence of < : > 
80 the different expansions of the structural elements' 
and shocks arising during operation, the contacts 
may separate and their thermal conductivity then 
deteriorates further. Such a solution is described in 
Patent Application NaAO-308. 
85 It has also been proposed that structural parts 
should be joined by hot-press welding trie parts di- 
rectly to one another simultaneously with their 
production. However, said solutions are not suc- 
cessfully applicable to structures made of thin ma- 
90 terial as the percentage of material formation 

needed for hot-press welding (30%) requires a very 
high presure force or a very high operational tem- 
perature in the case of thin materials. These two 
technological conditions disadvantageous^ influ- 
95 ence material structure, strength, and density of 
the unit to be produced. 

'All the processes proposed place considerable 
demands on manufacturing equipment in respect 
of strength and heat resistance and as a conse- 

100 quence, the dimensions of the components being 
assembled must be large to accommodate such 
equipment and consequently it is not possible to 
form densely packed components or high ribs in 
heat-exchangers, although both geometric require- 

105 ments form the basis of modern construction and 
production of heat-exchangers. 

In general it can be stated that known bonding 
processes used in manufacturing equipment have 
always required thicker materials to be used than 

110 needed for the operation of the equipment itself. 
As a consequence, equipment has been produced 
with far more material, at higher costs and with an 
excess-weight, than required. 

High strength and thermal load requirements in- 

115 volved with known processes have not enabled 
production of compact heat-exchangers; bonds 
could only be formed with the same material as 
components and only heat-exchangers with sym- 
metrically arranged elements with equal counter- 

120 support could be produced. 

Such solutions are propsed e.g. in the British 
Patent GB- PS 1,273,141 and in the Hungarian pat- 
ent HU-PS 175.919. 
Compared to prior art, the present invention rep- 

125 resents a progressive process based on new recog- 
nitions, eliminating deficiences of known solutions 
and yielding increased reliability, as: 

- it gue'zr.'.cr.s higher productivity, 

- the bond formed by the process according to 
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be achieved) arrf useful life is ateo looger.- .^Si 

nfrom'^^pcwi of view of heat flux a more' 
vantageous coherent bond can be obtained.^* 
- the bond thus formed resists well e nl j em e . - 
5 loads, heat and vibration. 

..The invention is based on the following recogni- . * 
tions: Two thin sheets (0.1 to 03 mm) can be 
I welded by botpressing welding in such a manner 

that onto the defined place of connection an auxit- . 
riO iary material is placed, the thickness of which sur- - 
passes by an order of magnitude the thickness of 
" the sheet - e.g. 0 - and after having heated the 
; components to the temperature of hot-press weld- 
ing; the' two sheets facing each other are pressed^.; 
15 with the force F, as a consequence, the auxiliary 
materia] will be deformed perpendicularly to the 
direction of the force F. while the two sheets are 
welded on the deformed surface. ■ - - -r- 

With light metals, the performance of hot-press 
20 welding is prevented by the elastic oxide layer 
continuously and repeatedly fromed on the sur- 
face. In a material with a thin cross-section it is 
most difficult to produce a deformation which can 
rupture the oxide layer. The novelty of our irtven-' 
25 tion lies in that the deformable auxiliary material 
adheres to the surface part to be welded and due 
to its advanced delormation it carries the surface 
oxide layer with it; as a consequence, contact is 
obtained on a clean metal surface and thus a me- 
30 tallurgic bond is obtained. 

One of the prequisites of performing hot-press 
welding lies in the large amount of material that is 
moved during welding, the magnitude of which 
amounts to about 30 to 50° <» of the cross- section. 
35 The invention is based on the recognition that the 
deformable auxiliary material inserted between the 
surfaces to be welded is pressed into the surface 
of the materials to be welded under the influence 
of a force F, auxiliary material is further deformed 
40 by the force F, and the auxiliary material is flat- 
tened and the sliding material carries away the 
crystallites on the surfaces to be welded with it. 
The particles of the deformed material key into the 
micro-surface formed in the crystal lattice resulting 
45 from the displacement of the surface material, and 
as a consequence, a coherent bond is established. 

Formation of heat-press weldings depends on 
temperature, time and compressive strengh. If time 
and temperature are fixed, formation of the bond 
50 will be influenced by the specific compressive 
force. The invention lies in that a unit compressive 
force gives rise to a deforming, highly effective 
compressive pressure due to the fact that the force 
is concentrated only on the cross-section of the 
55 auxiliary material to be deformed, and this force 
represents only a fraction of the force compared to 
that needed if the sheet surfaces to be welded had 
to be pressed. 

The invention is also based on the recognition 
60 that if the deformabia auxiliary material is used as 
a resistance heating element by pass : ng electricity 
through it, in addition to :ne heating of the auxil 
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auxiliary material results in a considerable defor- 
mation even if the compressive force F is small ^ r. 
since the particles in the crystal lattice of th suir- 
t faces to be welded become more activated. 

A further characteristic of the invention lies in 
that when used with light metals, the electrical re- 
sistance of light metals increases with rising tem- 
perature, as a consequence, at a given electric 
output, the deformable auxiliary material heats it- 
self when an electric current is passed through it. 

We have also recognised that in the course of 
prefabrication, the deforming auxiliary material 
. may be part of at least one of the surface parts to 
^be welded. This auxiliary material, which is of re- -., a 
duced cross-section, becomes deformed in the ' 
course of hot-press welding and a coherent con- 
nection is established with the counterpart compo- 
nent . 

With pressure-proof vessels, stable solid and ho- 
mogeneous bonds can be formed by using the 
process according to the invention resulting in a 
considerable technological advantage in the case 
of vessels made of light metals. 

It is characteristic for the invention that by using 
the process proposed, components with different 
material thicknesses can be interconnected, so e.g. 
in the course of the production of heat-exchangers, 
ribs or lamellae made of thin sheet material can be 
welded to media-conducting pipes with thicker 
walls that tolerate pressure and corrosion. 

A further advantageous'characteristic of the in- 
vention lies in that pipes having thinner walls can 
also be used for conducting the media since by us- 
ing the ~rocess according to the invention, the de- 
forming auxiliary material is welded into the thin 
wall of the pipe in course of hot-press welding, 
thus reinforcing and not weakening it. 

According to measurements, heat-resistances are 
as follows: 

- with mechanical bonds, with At A! structural 
materials heal resistance amounts to 0.05 kW 
m C : 

- with soldered CuCu structural materia! heat re- 
sistance amounts to 0.025 KW rr, C : 

- using aluminium deformable auxiliary material 
heat resistance of the coherent bond amounts to 
0.01 kW m\ 

Furthermore, we recognised that the heat trans- 
fer ability of bonds formed by hot-press welding 
and using deformable auxiliary materials arranged 
at predetermined distances surpasses the heat 
transfer capaci.v c< known joining methods. In 
such a manner heat exchangers with a high effi- 
ciency can be produced. 



A further recogniti 



when using the 



hot-press welding process and the deformable 
auxiliary material neither fluxing agent nor cover- 
ing material is ne=o"?d. The bonds formed using 
the same metbi mroughoul she bore bv hot-press 

that resists corrosion without any aftertreatment. 
We found that bonds formed u« ; "g de f '."m?ble 




o vibration, repeated thermal loads'^ul'fiiey 
petnsens^tb'fa^ " 
'"Thi inventi" n will be described in detaifby' 
means of the accompanying drawings. Taking into 
^ 5 consideration that the process according to the in- . 

- vention is mainly applicable in heat-exchanger p«K. 
-" duction. the examples are taken from this field of ' 

Wmm. application. - . - .. — :r— - -: .. , rr rr - --v-.:^: 
Figure 1 is a sectional view of a pair of sheets 
■ilO: prepared for hot-press welding. - ,-j«-£-y:.«- ~~*t.— 3ft*- 
T Figure 2 shows in section view the pair of sheets 
" according to Figure 1 once they have been welded. " 
£ figure 3 is a sectional view of part of the end of , 
a pipe with a plug prerwred for hot-pre« wejcUng^ 
15 to it; '' " 

Figure * is a sectional view of the pipe end and 
plug according to Figure 3 joined by welding; 

- Figure S shows in sectional view, a part of a. 
heat-exchanger with the flat fin having inner ribs -' : ' 

20 for conducting the heat- exchanger medium, and a 
heatabte deformable auxiliary material prepared 
forjiot-press welding; 

Figure 6 is a sectional view of the welded parts 
according to Figure 5; 
5 Figure 7 shows a sectional view of a part of a 
heat-exchanger provided with deforming ribs on a 
flat surface of a fin for conducting a heat-exchan- 
ger medium; 

Figure 8 is the section view of the part of Figure 

30 7. 

Figure 9 is a sectional view of part of a heat-ex- 
changer with an oval or cylindrical pipe, a flanged 
lamella prepared for hot-press welding using the 
deformable auxiliary material: 

35 Figure 10 shows a sectional view of the parts of 
Figures 9 in a welded state: 

Figure 11 illustrates a cylindrical or oval pipe 
with ribs formed helically or as rings and a de- 
formable auxiliary material prepared for hot-press 
' 40 welding, and 

Figure 12 shows a sectional view of the parts ac- 
cording to Figure 11 in a joined state. 

The surfaces of the sheets shown in Figures 1 
are clean to metal, between them auxiliary material 

45 2 is arranged, the diameter of which is larger than 
thickness of the sheets and is made of the same 
material as that of the sheets to be welded. A ra- 
diator for pre-heating for the hot-press welding 
process is indicated with the reference letter Q. 

50 Figure 2 shows the pre heated sheet 1 joined by 
hot-press welding under the influence of the force 
F. A coherent bond 3 was formed by the deforma- 
ble auxiliary material according to Figure 2 in such 
a manner that while being flattened, it was built in 

55 metallurgical)-,' into the material surface lying next 
to the surfaces of the sheets 1. 

Embodiments shown in Figures 1 and 2 can be 
advantageously used for joining sheets, intercon- 
necting pipewaMs and water-chambers of water- 

60 and oit-coolers in c3 r s. for connecting electrical 
wires, as intermediate pans foi vetoing light met- 
als that are hard to weld. 
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as well as a radiaftorQ for pre-heating 

wer parrbf the dosing plug is smaller and — - I 
y the upper part larger than the cross-section of the ^ 
, 70 , opening 5 to be closed. 

^^'^RgtireT*! shows the hot-press welding joint ~* 

•j formed under the influence of the force F; as is ob- 
-^^ykxH^romuthe Figure, the conical dosing ptug de- ' 
forms the end of the pipe 4 or fin. Between the two' 
►75. ^conical surfaces a coherent bond. was established^}**;* 
7 .^ fron^the deformed auxiliary material 2. which is 
*" ^buift-in into the structure of the surfaces that have " 

< beerj.weJded ; Embodiments according to Figures 3^*,-. 
__ ^md 4Jc»i befapplied for closing the ends/of pipe^^K?-o>;vt 
80* and fins, interconnecting pipes, forming of pipe-re- ~* 
ductions. in particular for elements made of alu- 
minium or alloys thereof. ' ' 
•^V^^JBgure 5 shows a flat-sided body 6 for conduct- 
? ?^' - ing heat exchanger medium, a profile fin 7. which 
85 is folded or bent and which can be provided with 
inner ribs too. deformable auxiliary material 2, and 
* a radiator Q. If the deformable auxiliary material is 
" connected to an electric supply source, it can be 
used as an electric resistance heater which can be 
90 heated to the temperature of hot-forming. As soon 
as the heat radiated by the deformable auxiliary 
material 2 has heated up the surfaces of the fin 7 
and body 6 to the temperature of the hot-press 
welding process, the electric supply source is dis- 
95 connected and the process of welding can be per- 
formed. 

It may be expedient if the structural unit to be 
welded is placed in an insulated vessel during 
heating to obtain a higher efficiency. The assem- 
100 bled unit can be heated in a heat transfer furnace 
too, thus reaching the temperature needed for 
welding. 

Figure 6 illustrates a hot-press weld formed un- 
der the influences ot the force F r the coherent bond 

105 3. which is built- in into the contacting surfaces of 
the profile fin 7. 

Figure 7 shows a flow-conducting body 6, a pro- 
file fin 8 which is folded or bent and is provided 
with outer deformable ribs on its flat side and with 

110 inner ribs for improving heat transfer and simulta- 
neously serving as spacers; Q indicates a heater 
for pre-heating the parts to the welding tempera- 
ture. 

According to the proposed process, a heating in- 
115 sert -serving also as a support - can be arranged 
inside the profile fin 8. which may transfer heat to 
the base of the outer ribs. Hotpress welding can be 
performed in such a manner that the insert presses 
the outer ribs against the body 6 with such a force 
120 that the outer ribs of the profile fin 8 are deformed 
in the course of the hot-press welding. 

In Figure 8 the hot-press welding formed under 
the influence of the force F is to be seen, where 
the coherent bond 3 formed from the deformable 
125 auxiliary material 2 is built m;o the material struc- 
ture oi the Dase of the body 6 contacting the pro- 
file fin 8. In the embodiments shown in Figures 5 

in one or more rows, as is already weli-known in 
130 heat-exchangers. Profile fins 7 and 8 on form a 
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single or drvrdS^ftow section Tor heaVexchange/ 1 
medium a^irrjay^be attached to the whole or 
only of the bodies B. 

rt the inner ribs of profile fins 7 and 8 are lormed 
as cross connections between the parallel sides of 
the fins 7 and 8, the fins can be used ~ even if they 
have thin walls - for conducting media at high 
pressure- This embodiment can^be used for heat 
exchangers of the liquid air or gas/air type, eg. in 
coolers of.ca^air<c^tionervJ»<!oolers. con- 
densereetc^f*"?*" i-^^ ; : 

Figure 9 illustrates a cylindrical or oval pipe 10 r 
with a deformable auxiliary, material layer 11 r . , . 
formed'thereorfby a hot^pp^^lxooess or ap-*jS-:^g^i^' 
plied onto it ina cold forming* process^ a lamella 9, " ~~~ 
part of the lamella tlange 9a and a pre-heating ra- 
diator Q. :'~ -r^.- " t r " 

The hot-press .welded [bond lis formed so that, 
after having heated the auxiliary material layer 11 
on the pipe by the heater Q to the temperature of 
hot-press welding process, the lamellae 9 with the 
lamella flange 9a are pushed onto the auxiliary 
material layer 11. meanwhile the lamella flange 9a 
is also heated from the radiated heat; in the last' " 
short phase of the pushing operation the flange 9a 
is pressed onto the deformable auxiliary material 
layer 11 with a force giving rise to deformation; in 
the course of deformation of the inner surface of 
the flange 9a the oxide layer is removed and the 
deformed auxiliary material is built-in coherently 
into the material thereof. 

Figure 10 shows the hot-press welding having 
been formed under the influence of the force F; 
coherent bond 3 was formed from the deforming 
auxiliary material layer 11; cylindrical or oval pipe 
10, lamellae 9 and lamella flange 9a are also illus- 
trated. 

The embodiment seen in Figures 9 and 10 can 
be preferably used in multi-pipe constructions in 
dimensions applicable in technical practice in the 
following fields of application: 

industrial and other air-conditioning equipment, 
such as air-coolers, air-heaters, condensers etc.. 

Figure 11 shows a cylindrical or oval pipe 10, a 
helically formed rib 12, deformable auxiliary mate- 
rial 2. as well as a pre heating radiator Q. 

The pipe is heated to the temperature of hot- 
press welding by the radiator Q. Expediently, an 
electric current is passed through the deformable 
auxiliary material 2 to heat it as described in con- 
nection with Figure 5. The helical rib 12 may be 
wound onto pipe 10. and may be positioned on the 
pipe 10 using a mandrel, during the course of 
which the pipe 10 is rotated to wind or. to it the 
deformable auxiliary material, which is in the form 
of a wire, simultaneously the auxiliary material 2 is 
deformed continuously at the foot of the rib 12. 

Figure 12 illustrates the hot-press we'd formed 
under the influence of the force F; coherent bond 3 
was foimed frorT> the deformable auxiliary material 
2 and it is built in coherently inio the structure of 
the contacting surfaces of the pipe 10 and the rib 



the coherent; 



ded end ribbed pipos acccrd- 
12 can be produced in a 



length and dimensional range accepted in technical 
' They can be used as oorrvectrve heat-ex.- L - 

changers in equipment subjected to considerable * 
temperature fluctuations made mainly of steel, in . 
flue pipes of boilers, for regenerating the heat con- 
tained in gas in gas-turbines etc. \. . 

As is apparent from Figures 1 to 12. the pro- 
posed process can be used within a wide range of 
application and in a wide range o! sires; compared 
to known solutions the process according to the in- 
vention enables the use of aluminium and alloys 
thereof and steel and advanced steel alloys. 
^-The process can be adapted with regard to the 
geornetries of'the components andte, applicable to 
different fields of application. ' ;}: - ' A v 

CLAIMS 

- 1. A process for producing one or more hot- 
press welded bonds between structural elements, 
the welding being performed continuously or dis- 
continuously, characterised in that at least the con- 
tacting surfaces of the structural elements are 
heated to the temperature of hot-press welding, 
deformable auxiliary material is placed against the 
surfaces of each of the elements to be joined, a 
coherent bond is formed by deforming the auxil- 
iary material plasticly to an extent surpassing 30% 
under the influence of a force that presses the aux- 
iliary material and each of the components to- 
gether so that the displaced auxiliary material 
breaks the crystal lattice of the stiuctural elemenls 
and the auxiliary material is coherently built into 
the crystal structure of said structural elements. 

2. A process as claimed in claim 1. charcterised 
in that an electric current is passed through the de- 
formable auxiliary material so that the material it- 
self acts as an electric resistance heater. 

3. A process as claimed in claim 1, character- 
ised in that the auxiliary material is integrally 
formed with one of the structural elements. 

A. A process as claimed in claim 1, character- 
ised in that the deformable auxiliary material layer 
is formed as a coating on one of the structural ele- 
ments. 

5. A process as claimed in any of the claims 1 
to 3, characterised in that the structural elements 
are made of aluminium or an alloy thereof. 

6. A process as claimed in claims 1 or 2, char- 
acterised in that the structural elements are made 
of steel or alloys thereof. 

7. A process as claimed in any of the claims 1 
to 4, characterised in that the structural elements 
to be joined are made of different materials. 

8. A process as claimed in any of the claims 1 
to 7, characterised in that the structural elements 
are structural elements of heat-exchangers. 

9. A process as claimed in any one of claims 1 
to 8. characterised in that the deformable auxiliary 
material is made of the same materia! as the struc- 

10 A process as claimed in any ore of claims 1 
to 9. surs'3r.tiaUY as hereinbefore described with 
reference to Figures 1 and 2. Figures 3 and ~. Fig- 
ures 5 end 6. Figures 7 and 8. Figures 9 and 10 or 



